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Conformational Change in the ATPase-Gate of Topoisomerase VI Induced
by Nucleotide and DNA
Martin A. Lanz, Dagmar Klostermeier.
University of Mu¨nster, Mu¨nster, Germany.
Archaeal topoisomerase VI catalyzes the relaxation and decatenation of DNA.
In an ATP-dependent manner it transports a DNA double strand through a gap
in a second duplex by a sequential opening and closing of two gates. Confor-
mational change in the ATPase-gate of M. mazei topoisomerase VI was mon-
itored in single molecule FRET experiments, using fluorescently labeled
enzyme with one dye attached to each nucleotide-binding domain.
We have observed four different conformational states of the ATP-binding do-
mains: In the absence of nucleotide or DNA theATPase-gate exhibits conforma-
tional flexibility, indicating gate opening and closing. Binding of supercoiled
plasmid to TopoVI forces the ATPase-gate to open up evenwider, although con-
siderable flexibility of the domains is retained; both these states have been
proposed on the basis of two crystal structures of intact TopoVI holoenzymes,
showing a closed and an open gate conformation. Addition of ADPNP -
a non-hydrolysable ATP analog - induces a well-defined conformation of the
ATPase domains close to each other, indicating dimerization; this is in agree-
ment with crystal structure from isolated TopoVI-B domains which show tight
associationwhen bound toADPNP.Addition of both nucleotide and plasmid im-
mobilizes the domains in a conformation different from the one observed for the
closed gate, indicating that the presence of a DNA segment in the central cavity
induces physical strain to the TopoVI complex; this state has not been proposed
so far, but should be due to an internal rotation in the ATP-binding domains me-
diated by a conserved lysine residue acting as a gamma-phosphate sensor.
Topoisomerase VI exhibits a different conformational behavior than type II
topoisomerases (e.g. gyrase) in that it does not show DNA-induced pre-closure
but rather opening of the gate in presence of a supercoiled DNA.
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Superresolution beyond the diffraction limit by e.g. photoactivation localization
microscopy (PALM) has become indispensable for studying cellular processes
and structures. PALM offers the powerful possibility to study the distribution of
single labeled proteins in the nm range. The output of this technique is a spatial
point pattern of molecular positions of a given labeled protein ensemble. These
point patterns, however, should contain information about spatial correlations
like clustering. Clustering is characterised by the deviation of the pattern
from the arrangement of independent random events. The random distribution
is given by a Poisson process. Thus, deviations, i.e. the degree and spatial scale
of clustering or repulsion in such patterns provide information about the under-
lying molecular interactions. Here we explored whether spatial statistics based
on k-Nearest Neighbour Analysis, Ripley’s K- or L-functions or pair correlation
analysis can be utilized to determine the stoichiometry of macromolecular as-
semblies in cell membranes. As simple models we expressed fusion constructs
of the Shaker-IR potassium channel or the vesicle membrane protein Synapto-
brevin 2, which is known to dimerize with its transmembrane domain, in the
plasma membrane of HEK293 and HeLa cells. Using quantitative analysis of
TIRF-PALM image stacks we succeeded in counting the exact number of mono-
mers in these membrane protein complexes. Comparison with simulations of
point patterns of different clustering degrees and of differing localization preci-
sion corroborates our finding that TIRF-PALMdata can be used to faithfully ex-
tract information about protein-protein interactions on the nm scale.
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Single-molecule imaging of motions in living cells provides great details of cel-
lular events and is crucial for understanding protein functions and cellular pro-
cesses. Among various fluorescent probes, quantum dot is widely used in
labeling target proteins due to their brightness and photo-stability. However,
the hydrodynamic diameter of commercially available quantum dots is often
>20 nm, preventing them from accessing critical regions in cells such as the
synaptic cleft in the case of neurons. In this work, we synthesized stable small
quantum dots (SQD) of 6 nm hydrodynamic diameter and applied them to
several biological systems. The SQD has a short PEG coating to prevent
non-specific binding and is functionalized by streptavidin, enabling its specific
binding to biotin. In motility assay, identical walking behaviors were observedfor motor protein kinesin labeled with SQD and with commercial quantum
dots. We also labeled AMPA receptors expressed in living HEK cells with
SQD and observed diffusion of single receptors in plasma membrane. Small
quantum dot as a fluorescent probe presents huge advantages during in vivo
studies and can be potentially applied to labeling synaptic receptors in live neu-
rons and investigate their transport behavior during synaptic activity.
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Pycobilisomes (PBS) are photosynthetic antenna complexes of cyanobacteria re-
sponsible for capturing and transferring light energy with high efficiency. PBS
has been estimated to transfer the absorbed photon energy to core terminal emit-
ters with above 95% efficiency via the Forster resonant energy transfer (FRET)
mechanism. In order to determine the energy transfer efficiency of whole PBSs,
it is necessary to quantify photon emission properties from intact PBS compo-
nents - PC rods andAPC cylinders. Using single-molecule fluorescence imaging
methods, we have imaged single PBS complexes (Synechocystis PPC6803) and
determined the photon emission distribution of individual PBS complexes by an-
alyzing the size of their intensity profiles [1]. Our results indicate that PBS mol-
ecules emit a sizable fraction of the absorbed light from components other than
the terminal emitters, rendering the energy transfer efficiency<< 95%.We have
also investigated the fluorescence-quenching properties of PBS; results suggest
that each PC rod and APC unit acts as an independent quenching unit (or light
emission unit) with minimal coupling to the terminal emitters.
[1]. S. DeCenzo, M. DeSantis, and Y. M. Wang Single-image separation mea-
surements of two unresolved fluorophores. Optics Express, 18, 16628-16639,
(2010)
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Single-molecule super-resolution imaging techniques have proven to be suc-
cessful in observing cellular structures with a resolution below the diffraction
limit. However, these experiments often restrict observations to a region of
shallow z-depth near the cover slip due to TIRF imaging or else suffer from
high backgrounds due to wide field excitation. Confocal microscopy, which of-
fers good background rejection, is prohibitively slow and cannot be used effec-
tively for single-molecule localization based super-resolution. Here we
introduce a new method that uses a fast, laser line scanning system that can
be used to image a z-section anywhere within a cell and is not restricted to re-
gions near the cover slip. The line scanning system allows a trade-off between
acquisition speed and background rejection. Emission light is passed through
a prism spectrometer, and a complete spectrum is collected for each spatial
pixel. We exploit this hyperspectral emission path to make simultaneous mea-
surements of multiple fluorophore species in the same sample.
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We demonstrate photoswitchable dendrimer nanoconjugates as a new class of im-
aging probes for general fluorescence and super-resolution microscopy.
Fluorescence-based imaging techniques currently rely on a limited set of fluores-
cent probes, includingfluorescent proteins, organic dyes andquantumdots.Recent
advances in super-resolution imaging techniques such as photoactivated localiza-
tion microscopy (PALM) and stochastic optical reconstruction microscopy
(STORM)havebroken the diffractionbarrier for optical imaging, thereby enabling
observation of biological processes at nanometer-scale resolution. However, the
performance of these super-resolution imaging techniques is intimately related
to the photophysical properties of the ‘‘standard set’’ of current fluorescent probes,
including photoswitchable fluorescent proteins and organic dyes. Overall, there is
a strong need for development of new bright and photoswitchable fluorescent
probes to enable biological imaging with enhanced spatiotemporal resolution.
In this work, we developed photoswitchable dendrimer nanoconjugates (PDNs)
as a new class of probes for fluorescence microscopy, which enables high-
resolution fluorescence imaging. Polyamidoamine (PAMAM) dendrimers were
engineered to contain multiple cyanine dyes, and the photophysical properties
were characterized by single molecule fluorescence microscopy using total inter-
nal reflection microscopy (TIRF-M). We observe that collective interactions in
